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REMARKS 

Indepaident claims 1 and 1 4 have been amended to include the subject matter of dependent 
claim 4. Claim 4 has been amended, and new claim 24 has been added to recite the use of a 
numerical aperture of greater than or equal to 1 .2 based on the support found in the present 
specification at ^2. No new subject matter has been added. No new issues are presented as the 
subject matter of claim 4 was previously considered by the examiner. 
Basic 103 Rejection - Admitted Prior Art In View Of Heid et al. and Neev et al 

Claims 1-22 are rejected under 35 U.S.C 103(a) over the background art identified in the 
specification (AAPA) in view of newly cited art Heid et al. (US 2008/0220469) and Neev et al. 
(US 5,720,894). Four additional rejections cite additional tertiary references to buttress this basic 
combination of art in rejections of groupings of dependent claims 10-13 and 1 9-22. AppUcants 
respectfully traverse. 

The background of the invention that is acknowledged to be prior art is found in 
paragraph nos. 2-10. In summary, this background recognizes that blade-based microtomes have 
been used to remove thin slices of tissue with a sliding carriage device. Use of a blade, however, 
requires additional steps when soft tissue is involved. Methods for stabilizing soft tissue includes 
freezing and impregnating with a liquid that will impart greater integrity to the sample but at the 
cost of disadvantages for sample integrity, cost and preparation time. Lasers have been used for 
microdissection, i.e., transversely cutting the slice coming from the blade-based microtome into 
smaller pieces. In this context, the present invention replaces the blade-based microtome with a 
laser microtome thereby avoiding the need for external stabilizing agents with the associated 
procedures and impacts on sample integrity. 

Heid et al. (US 2008/0220469) discloses a method for identifying tissue slice supports. 
In 1[1 8, as cited by the examiner, Heid et al. notes that the disclosed invention "does not depend 
on the manner in ^\^lich the tissue sample is treated and cut." This explains why both knives and 
laser microtomes may be useful (penultimate sentence in ^1 8) in coimection with the disclosed 
invention. Heid et al. provides no detail, however, of how a laser-based microtome is constructed 
or operated to produce tissue samples. 
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Neev et al. (US 5,720,894) discloses a pulsed laser as a replacement for a dental drill (col. 
54, lines 29-31). As noted in col, 4, lines 31-35, the ultrashort (femtosecond) pulsed laser is used 
to selectively ablate undesired material at a removal rate that meets or exceeds that of a drill. The 
benefits of a very short pulse time are disclosed at cols. 7+ and relate primarily to the avoidance 
of thermal loading associated with lasers of longer pulse duration (i.e., in the nanosecond reahn). 
The advantages of material removal efficiency and minimal collateral damage are summed up in 
col. 11 at lines 39-51. 

Neev et al. discloses in col. 13, lines 58-60, that a "typical focusing element may consist 
of a simple large f-number (f>100) singlet lens for focusing the beam onto the target area in a 
spot size of greater than 250 micrometers." Neev et al. does not quahfy, further describe or 
define optics of the system. There is no working example. 

Argument 

The references asserted by the examiner both alone and in the various combinations 
presented fail to disclose a laser-based microtome system having a numerical aperture of greater 
than or equal to 0.65. 

The background of the technology recited in the present specification (denoted as 
"AAPA" by the examiner) does no more than acknowledge the conventional use of a blade- 
based microtome and associated problems. The background section does not acknowledge that 
laser-based microtomes exist or acknowledge that those in the art knew how to operate a 
conventional laser as a microtome as claimed. 

Heid et al. provides no more than passing mention that lasers may be used for producing 
tissue slices. The devil is always in the details, and Heid et al. fails to provide the critical 
teachings of how such a process could be accomplished. Heid et al. does not disclose either the 
use of pulsed laser or an aperture number of greater than or equal to 0.65. The background art of 
the present specification and Heid et al. thereby fail to present the required prima facie case of 
obviousness. 

The dental ablation system as disclosed by Neev et al. does not fill in the gaps missing 
from the combination of the acknowledged use of a blade-based microtome and the teachings of 
Heid et al. First, area ablation on tooth surfaces or surgical procedures suggested by Neev et al. 
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are not the same as, or suggestive of, microtomy as disclosed in the present specification. 
Nothing cited by the examiner or provided as a rationale in the Final Action provides a prima 
facie case of obviousness from such a connection. 

Second, the disclosure in Neev et al. regarding "a simple large f-number (f > lOOy is 
unclear and cannot render prima facie obvious the claimed use of a numerical aperture of greater 
than or equal to 0.65. Pointedly, use of term the "f-number" and the abbreviation "f > 100" 
confuses two standard designations of optical art without any way to figure out what Neev et al. 
meant by such disclosure. 

An aperture describes the width of the opening of an optical system through which light 
of the system is directed. An aperture is usually abbreviated with the letter 'T)" and describes, for 
instance, whether a large or small lens is used in a single lens system. 

Focal length of an optical system is usually abbreviated by lowercase "f ' and can be 
used to describe the distance between a lens and a focal point. The focal length may be used to 
determine whether a strong or soft lens is to be used in a single lens system. 

ThQ f-number (F# or f-stop) is used to denote the ratio of focal length to aperture size and is 
a dimensionless quantity that is related to the angle of convergence in a cone of focusing light 
emanating from a circular aperture. The common form is: 

wh^e f is the effective focal length of a focusing optical system and D is the system's circular 
entrance pupil diameter. See, http ://wv\av. great-landscape-photographv .com/aperture .html 
attached as Exhibit A and "F-Number, Numerical Aperture, and Depth of Focus", Encycl. of 
Optical Engineering , pp. 556-558 (2003) attached as Exhibit B . 

The use by Neev et al. of both designations and the failure to define the scope of "large" 
would not have rendered obvious the use of an aperture of greater than or equal to 0.65 (claim 1) 
or greater than or equal to 1 .2 (amended claim 4). It is mathematical fact that aperture values and 
f-numbers have an inverse relationship in that an aperture value of greater than 1 .0 will reflect 
increasingly smaller values of the f-number, contrary to a teaching in favor of "large" f-numbers 
A\iiich prefer ever decreasing aperture values. 

Moreover, Neev et al. fails to disclose that any aperture value could be used to make a 
laser-based microtome in which the short depth of field is used to minimize damage to tissues at 
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the precise focal point of the laser system where threshold energies cut the tissue. Such 
uncertainty and gaps of disclosure with respect to the claimed aperture cannot properly support a 
finding of prima facie obviousness under §103. 

None of the tertiary references cited by the examiner teach or suggest a laser microtome 
having the claimed aperture range. 

Launav et al. US 5,241,607 is directed to a method for providing spatial orientation 
markings on samples to permit serial sections to be compared in overlay orientation as a way to 
correct for deformations during microtomy. The only mention of a pulsed laser is in col. 1 at line 
67 in connection with boring a hole through the thickness of the uncut sample. There is no 
teaching or disclosure that a laser should be used for microtomy or that such a laser should have 
an aperture number of greater than or equal to 0.65. 

Michel US 4,638,800 describes a laser-based arthroscopic surgery device for a CO2 laser. 
The desired uses for the system are disclosed in col. 2 at lines 49-56 and include (a) removing 
tissue from joints, (b) debriding and poHshing areas of bone or tissue, and (c) creating contoured 
sockets for a prosthesis. Microtomy and thin section slicing are not among the disclosed uses. 
The optical concerns of focal length and focus are described in cols. 6-8 but do not mention an 
aperture value or one of greater than or equal to 0.65 or the advantages of using such an aperture 
for a pulsed laser microtome. 

Ream US 5,827,3 1 3 teaches a catheter system for guiding ultrasound transducers, 
imaging devices (optical fibers and laser tomography imagers), artherectomy cutters within a 
patient. Optical coherence tomography (OCT) cathers are described in detail in col. 7 at lines 
60+. Tomography is not, however, the same as the removal of a thin sample by microtomy. 
There is no mention of a suitable aperture number for a pulsed laser microtome. 

Zundel US 4,1 32,328 concerns a replacement for conventional pull-tab cans with a non- 
detachable opening scheme. There is no mention of pulsed lasers or microtomy that could help 
present a prima facie case of obviousness with the other cited references. 

Applicant submits that this Amendment After Final Rejection places this application in 
condition for allowance by amending claims in manners that are believed to render all pendirig 
claims allowable over the cited art and/or at least place this application in better form for appeal. 
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Reconsideration and allowance are cotirteously solicited. 



Dated: May 12, 2009 



Jason Lee DeFrancesco 
Reg. No. 59,468 

Roylance, Abrams, Berdo & Goodman LLP 
1300 19* Street, N.W., Suite 600 
Washington, D.C. 20036 
(202)659-9076 
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http://^vww.great^la^dscape-photograph\^com/apertwc.htmI 



grcat-landscape-photography.com 



Lens Aperture 



Aperture Users Network 

Free education, training & support in Aperture 

2. 

apertureprofessional.com 



Aperture Card Conversion 

Digital Microfiim Retrieval System Low Cost 

Reader Printer Replacennent 

DlgitalReel.BMIImaging.com 



Sigma Lenses For Canon 

Sigma Professional Lenses & Flashes All 
Models At Sigma's Official Site 
www.Sigma-Photo.com 



Digital Photography Tips 

Take Awesome Photos Easily And Quickly. 

Download Free PDF Guide! 

Learn DigitalPh otographyN ow.com/Free 



ReNu MuttlPlusCS) Solution 
Fresh Lens Comfort For Healthy Contact 
Lens Wear. ReNu Coupon! 
Re Nu Fresh.com/Conta ct-Solutlons 



Ads by Google 



Nikon SLR Lens Reviews 

Nikon Nikkor Lenses up to 40% off. Prime, 

Zoom, Wide Angle & Telephoto 

www.smart-review.com 



Ads by Google 



Th^ aperture of a lens determines the amount of light that passes through the lens to the 
film or digital sensor. It's a diaphragm of overlapping leaves that is either controlled by an 
extemal ring on older lenses or set by controls on the newer cameras which sets the lens 
electronically. 

In the case of older cameras and lenses, turning the ring one way opens up the tens so 
there's no obstruction to Incoming light. Turning It the other way closes down the lens 
until only a small circular opening is left for the light to pass through. 




With newer cameras, buttons or a dial on the camera will let you set the appropriate 
aperture. However, unless there's a depth of field preview button, you may not see any 
change. The camera will close the lens down to the value you've set Just t)efore it takes a 



f-Stops 
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Night Sky Observer 
Work@Home Directory 
Cat-oholicsxonn (Cats) 
ScoopQuest 
Clickbank Elite 
SiteBuilder Elite 
Las Vegas Expeditions 
Planning a Wedding 
Buy Cheap Domain Names 
S7 Buck Deals 
♦ Photography Tips and Advice 

Home 

Lensman Newsletter 
Discount Camera Stone [New] 
Trip To Iceland 
Landscape Photography? 
About Exposure 
About Composition 
The Best Time To Shoot? 
Why Go Digital? 
16 Simple Tips 
Travel Photography Tips 
Taking Panoramic Photos 
Black And White Photography 
Canon Cameras 
Nikon Cameras 
Camera Filters 
Compare Equipment Prices 
Photo News 
Photo Articles 
Photo Software 
Photoshop Techniques 
Sell Your Photos For Profit 
Frequently Asked Questions 
Landscape Photography Books 
Photography Podcasts 
Photo/Camera Magazines 
Photo Resources 
Sharing Photos With Shutterfly 
Photo Blog 
Weather Reports 
Contact 

Ansel Adams Prints 
Special Offers 
About The Webmaster 
How I Built This Site 
Privacy Policy 
Site Search 



Photo Resources 



Photography Site Directory 
SmugMug Photo Sharing 
Shutterfly - Photo Sharing 

• Print photos on canvas 



On all lenses, aperture Is calibrated using what are called f- 
stops (in fact, the terms are almost interchangable). Along 
with the focal length of the lens, the maximum aperture Is 
usually used to specify a lens. By that I mean that if the lens is 
described as an f/2. 8 or an f/4 lens, for Instance. The actual 
range of f-stops varies between lenses but the sequence is 
always the same: 

f/1, f/1.4, f/2, f/2.8, f/4, f/S, f/5.6, f/S, f/11, 
f/16, f/22, f/32, f/45, f/64 

Maximum apertures can be "non-standard" - that Is, not In the 
above list, so it's common to see short focal length zoom 
lenses with wide open settings of f/3.5. Longer focal length 
zooms may have maximum values of f/4.5. 

Standard lenses, sometimes known as "fixed" lenses (I.e. they 
don't zoom), tend to have higher maximum f-stops than zoom 
lenses. On film SLRs ( Single Lens Reflex ), the standard 50mm 
lens that comes with the camera will have a wide open setting 
on?2, f/1.8oreven f/1.4. 

Regardless of the focal length of the lens or the diameter of the 
lens, f-stops denote relative apertures. - they actually specify 
the ratio of the diameter of the aperture to the focal length of 
the lens. 

Let's take an example. On a 135mm telephoto lens (good for 
isolating something in the distance), an aperture setting of f/4 
means that the physical diameter of the diaphragm opening is 
33.75mm. How did I get this figure? Divide the focal length of 
the lens by the f-stop. So, 135 / 4 = 33.75. 

On a 28mm lens (great for wide landscape photos) with its 
aperture set to f/4, the size of the opening will be 7.5mm (28 / 
4 = 7.5). 
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Top 10 Canon Lens 
The Best Deals On 
Canon Camera Lens We 
Beat Any Price On All 
Lenses! 

Canon Lens.Compare247.U$ 



Lenses 

Looking for Lenses? Visit 
our Lenses guide. 
www.picndel.com 



Digital Photography 
Class 

Leam From Home at 
Your Own Pace - 
Request a Free Course 
Catalog! 

NYIP.com 

Lens: 70% Off 

We offer a wide selection 

of lenses at 70% off. 

Shop Lens.com Now. 

www.Lens.com 



SLR Digital Camera 
Lenses 

Shop SLR Digital Camera 
Selection at Dell^. SLR 
Lenses and Cameras! 
www.Ddl.com 



That's Neat! 

Here's what's neat about this system: The amount of light that 

can pass through a lens decreases proportionally with increasing focal length - basically, 
the longer the focal leng th, the less light gets through the lens. Using the aperture system 
outlined above allows you to change lenses, keep the same f-stop between lenses and still 
get the same exposure. If you keep all the camera/lens settings the same (aperture, 
shutter speed , film speed) your exposure will remain the same and the only thing that 
changes is what you see through the lens - more or less of the landscape you're 
photographing. 

If you're mathematically minded, you probably noticed that each successive f-stop Is the 
square-root-of-2 (approx. 1.414) times the previous f-stop. 

Decreasing your f-stops double your exposure. For example, If 
your exposure is 1/125 sec at f/5.6 and you change your 
aperture to f/8 need to double your shutter speed to 1/60 sec. 
If you changed to f/8, you'd need to double your shutter speed 



again to 1/30 sec. 



Ads bv GooQie 
Denver Contact Lenses 



Likewise, increasing your f-stops halves your exposure for eacli . Apertu re Lenses 
f-stop. So, changing from f/4 to f/2.8 would niean halving your . Cgmera Lighting 
shutter speed from 1/125 sec to 1/250 sec. 



Depth of Field 
Auto Lens 



Simple Rules 

So, two simple rules of thumb to get the same exposure are: 

• double your shutter speed for each decrease in f-stop 

• halve your shutter speed for each increase in f-stop 

Why is Aperture Important? 

Depth of Field Is the answer. 
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EXHIBIT B 



"F-Number, Numerical Aperture, and Depth of Focus", 
Encvcl. of Optical Engineering, pp. 556-558 (2003) 



F-N umber. Numerical Aperture, and Depth of Focus 



John Hall 



IffTftOOUCTtON 

F# is a term widely used in optics which often appears in 
calculsUims for first -onfer ponKmecers, difTraciiofi cfTecw^ 
depth <}( focus, ^d nidiMe&ic energy imi^ftr, Hov^tr. 
the F# b only a iferived qaairtily with signiBamt tinu- 
lotions legonib^ tu uccunicy ^d ivoommendcd uies. 
Rfiloinl panuiicfien indode ibe 7W sod numericnl flpcninr 
(KA)* Tbe depth of field of a system may or loay not b6 
linulcd by the opticql dii&actioD Unut (and hcoce the f9). 
Ihcfcfons a detailed disctassion of attcrnaiive calculations 
for this parameier is included. 



F-NUMBER 

The /-^wtnber, sometimes wiittcn F# or referred lo as 
the f-aop, is a dirocnsionkss quimtity related to the 
angle of cofivcrgcncc ia a cone of focusing light cma- 
naiing from a drcuJar aperture Because this term is a 
frequcfiUy misused' or misiotcipnc^od, it is impanam 
lo review its usage wldiin the context of any opdcol 
prcsentatbn. Unfominately* the ex^ct ilefinilkni varies 
depending on the opplicotioii. but tbe mosk oomiDao 
form is 

where /is tbe effective focal length of a focusijig optical 
jbysceiii md D U (he system's c'ltcular entrance pupal 
diameter, tt is imppnant to note thai is a derived 
qvanttty, d^^tideni upon other mote fundantental 9y$r 
tcm parameters. It is also wot\h noting that its depedxt- 
cnce on tbe effective focal kogth / rendefs tbe F# valid 
osLly when a colliinaied ptane-wafvie (infniite object) hap- 
pens to be the sy^^ero input. The b mxt defined for an 
ofocal system^ which ideally has coltimated pUme-wuve 
input QlmI output For image relay systems with rtnile 
abject and image distances, the angular oon^vrgcnce of the 
focal cone will likely vary with object or screen distance, 
and thus the meanui^ of any stated F# wov]d in thU cose 
requirt additional quatificatioas. The t>'pically varies; 
acrass the image plane tieigfat of any given nb|ective lens 
assembly, as It is oliteo uniicpie to each posttioo within the 



field of view because of vignetting and angular projection 
geootetty. Foe systems with noncircutar apertures, the F# 
is again not clearly defined, and typtcally a stoiemeni 
indkaiing the effective length of any parricvtar apcnune 
dimension of intettst rmiM be mdde. The f# is In* 
adequate to describe the properiies of apodized systems or 
daussian bser beam de^vcry. 

In dif&BCtlon coJcvIadons fov ctmihir tipeitures, the 
ratio oifiD oecan Crequently aiad ihercfore the F$\\s often 
substitKUcd for convenience. For example, the dUpsctioiD 
limited cutoff fiequeocy of die modulation tiansfer 
function (MTF) for an incohemn system with a' circular 
aperture is gi\'en by^^ IA(Af#X ^^ts of line pairs per 
miillnktier <lpfmm» when the wavelength A is given in 
miniOKiers. By simple tngotwmetry, the aoguUv relation 
of to the hulf-^gle V of the cone of focusing light in 
an optical system is tangential since tan(C/) ^ Oflf. 
Tbus^ is invcT^y proportionai to the tangent of the 
focusing cone holf-ang^e. meaning that smollcf rallies of 
F# indicate steeper cone angles. For a fixetl apciture 
dfcometer an incnfiase in focal length / festilts in a 
smaller conveigence angle V and hence a larger fW. 
likewise, for a fixed fiaeal leogds /. an increase jo aperture 
O remits in a steeper angle U and a lower value off /W. In 
pbotc^graphy. the steepness uf angte V is referred to 05 
the **speed'' of the objective lens^ or perhaps xxnort 
ooctinitcly, tbe exposure tirae needed by the fifan behind 
the lens. A Bens operating at FS/IX) is considered *^fasi«.*' 
whereas the order of W12.0 might \k coosidered 
"slow/* This tangential relationship often Ibads to the 
misuse of fW for radioiDctric calcutattons. wherdn photon 
flux b proportional to the solid angle of collection by the 
c^tical system. The problem is thai the solid angle docs 
not exaoly obey the tangent law. For a Lamt>enian source 
object of radiance U the irredianoc £ at the focal point of 
a circular apcrtw optical system in air is given by"* 

As long as lDn(t/>^sln((/>, the f# provides an easily 
calculated, approximate relation to the square root of the 
system irradiance. For fast r#*B on the order of fWI.O 
however, the error in this approximation incieases 
rapidly. For example, if given a nuc cone half-angle of 
C/s3(^. the error between £in^((/) and ^\U) is ap- 
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multiplied by the itfr&ctivc mlk^ n of the imdium In 
which focus oocarK 

NA • asm(U) 

Hiis quamity is tDdependent <if wavefToiii entnuice cod- 
ditions on the opUcaJ lyuem and does noi require know- 
ledge of either the apenure dtaiiieier O or focaJ Icogth/. 
but U doe$ assume ft etrcttlar apertufe and noncolltmatcd 
outpitf. The NA ts directly praporUonal lo the squafc root 
of the ima$!e (rrftdUinoe wliho«t oppfoxinutioft, and Is 
therefoce fieqoemly ased in radiometric calcutotions for 
fiba optics and miciosoope objectives. The NA can also 
be iKcd lo deflne Che maxinnan ooae aqgle of nyi which 
leave on otijecc and enter an optico] system. In practice, a 
NA>0.95 rate in air (it » I ) Is very dilTiciill lo achieve, so 
micTMCQpisu ute require better pcrfomionoe have ob- 
uisned NAs Bs high 4IS 1.4 to 1 .6 by inuncfsins the sample 
in oiKii^sUn.^^ 



DEPTH OF FOCUft AND DEPTH OF RELD 



PI 



proximoiely 33%! Once F# reaches 2.35 nod above, the 
error quickly Males it> lesj than 5%. Despite this error 
maij^n, it is a common pracuoe in phocogmphic ob|ec- 
lives to fmurt/'fuat^r poUiions marked 1 A ZOl 2.8. 4, 
3.6. etc» asi each icpfcseoia naughiy a doubting of (be 
bisdiance On the ntm.**' The hi^ the imdiance. (he 
less time is needed for film exposure, and (he Outer the 
shutter «peed my be used in the camera (Fig. 1). 

In tow-tighf level imaging appliCiilSod&^ a VAHSdt Of the 
known as die 7W is sometimes eocovxiteied. 7i b 
simply F* divided by jiqfiiare roc» of the opUcal trans* 
mission T^ of the objective < 



For enoinple. an o^c<citvt 1en$ focused m ittHniiy with a 
cifcidar aperture diameter 0=25 mm and an effective 
foca) tengUi/a28 mm would harvc en f^«IJ2. If the 
l£m transmitted M% of the incoming raduiiion ^ttith 
losses perhaps as a result of reOection* on the coated 
suK^s and absorpiioa wtihin the gts«s>. then the tt- 
fecaive 7« forlhe oferjeciiwe woubl be 7Wa 1.22. It is not 
physically possible for the TV value to be less than that 
oTliie f«. 



NUMERICAL APERTURE 

The NA of a focal opibat system is defined as the sine of 
(he half-angle V of the cone of rays coming lo a focvs. 



The depth of foeui paiaractBr lefcis to the mnoum of 
foca) phiie imsplacemcni whidi docs not degrade ifac 
ideal point image beyond a ceitun criteria. If the Ray- 
lei^ t/4 wa^^e ciiteria is assumed, a eommonly accepted 
tolerance on image defocus can be solvol geomet* 



2(NA) 



The amoum of image defocus csn be convened into ob- 
ject displacement via paraxial optics foiiiiutac^ io wtucb 
case the value for the dl^ptA tafjleld is sohTd fot an object 
displacement of Az. Ilowvcr. woridng with the fl in this 
case is soracwhai csunbcnonie because this iclasion de^ 
pends solely on the aperture diameter D, nominal objoa 
distance i. and wsvclci^gdi X as follows: 



It is imponam to state that the dep**^ rf field and depth of 
/bet»s criietia of ivat systems am stiongty dependent on 
the imoging application and hanhrare circumstances: the 
Raylcigh 1/4 wave critecia is not always the best measure 
of o pti ca l systen performance in many sitoaiioite. Com* 
mon examples of the nnpplicability irf' the Rayleigb cri- 
teria exist in most conunesrcial ctsiigie-cDiipled device 
(003) camera sensois. whore die CCD detector phch 
fundamentatly limlti sysicm itsolutioii to a voloe much 
tower than die optical spatial anolT fivquency. The 
optical iraiusfer p erfor man ce of these systems con be 
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degraded by rnudi monc than 1/4 wzve before o defocused 
clectroDic tinaise is ooticeabte. 



DEPTH OF RELD FOR IMAQINQ SYSTEMS 

To exf>Iain the cDncc|i( of the Rnykdgh dcfocus criteria 
opfrikd to endic imagiiie systems ntore fully, it is ex* 
pcdieiu to first detail the effcct<i of 1 /4 wave defccuii mi ^ 
incohcfcnt optical! system, which otherwise should be 
diffractioes Umiccd.^^ Consider a simple ^ctU iiy£tem as 
shott'ii in Fig. 2. uhereen ligfn wsm fiom a dbtant poini 
SMiwe fire efi^ively plimar once dtty inipAet a tens of 
fidiie «pmure rodiiis r. which ihcii beads the wows back 
into ft eODver^ focus. A diittl i aic a pi c tolU m of the 
Roylei^ criteria is Ihoi this systeni will remaiD nwgbly 
ihidiin opdmail focus as long os (he wavcfnmi sag caused 
by chnnging the object distance, shown in Fig. 3. remiuns 
less than t/4 the wavelength of ligliL 



SAG 



The wzvtfimi na^ re^iitis from a dirtd and sit^le 
irisjoiwfneiric ntoikmship between the apoture rodiiis r 
and ihc oljecl distance pvm by z. and is easily cal- 
cutublc !l reaches Us mucinnini vahtc at dtc aperture 
edge. As z decreases froni infiEuty» the sag graduoily 
incneases. hi pntctiix.. an optical ssrstem can be set for 
best focics mn m iofinhy. Imi at an object distance of Zm 
where the sag is i/4 wave from an Lnflnile phioc u*ave. 
En ibifi case, infinft)* objects ore wiihin a 1/4 vfAvc sag 
tolemiKsc, and clo»^ o^ccts will be wlthao a * U4 wave 
Sag at a disiunce of rou^ghly at 03 z\M' The location zim is 
known OS the hyperfocai distance setting because it op- 
timizes the nuuiraum defrth of field todcmnce from in- 
fmity to the nearest possiMe distance z- 

The value of the sag is equivalent to the abcrniiion 
terrn known as defocm, geiteraUy demyted by the variable 
H^io (rcf. abcmuion polynoimalX The systcni lesohilioD 
transfer funcdoiu whether the system is a sunple lens or 
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V-Num\m, NuMtfod Apatm and Dcfrtli if F« 

Sag 




Flfi. 2 PlaoD-wavic inpoi to opdcaJ fynem. 



Flj^ J W«\^hDni sag cftlcutotion. 

m assendily conlidnsng lenses cameras, and eledrontcs, 
can be directly evtdumed for >'nr>4ii£ omoancs of defociK 
woi^ For a one^imcosiona] o^rturc (he modulus of the 
opticoS transfer funccton COnPF), oAen colled the NfTF. of 
dcfocnsed optics is given by the fonnula'^' 

<»«^'-(-IH^('-|)) 

wfaenr the nofmalized cutoff frequency, expressed in Ip^ 
nun. for tncohereiit illismEnailon Is g^^en by %s I/(a/^) 
mid the dcfocus aberTation ooefficicnl dcootcd by w^jo 
nsiy be set ecpiol to Rnylcigh's limit of WX or any other 
desired vnhic. The OTF fonnula may then be c^^ualed for 
iacffcmemal values of spatial fnequency /; ranging (mm 
zero to the normalized cutoff mentioned abow and the 
graphic results for various defocused, circular apenuns 
optical MTFs are shown in Fig. 4. It is ioteresting to noce 
thai ai a spatial fVoquency equal 1/2 the cuiaff, the 
oinount of degradation in MTF as a result of the 1/4 wave 
Rayldgh criteria is equal lo 2/n exactly, or about 64%. 
Bcconse Nyquist theory states that perfect object rcc- 
onstractioo of a sampled image is possilsJe for ^iMpiencies 
only up to half the system cutoff frequency, it nmy be 
desiiable (o consider tbc l/n degiredation to MTF at die 
half-cutoff ficqiueocy as being the dcfmitioo of dcfocus 
tolcrBnoe to any rysr^io uansfcr function as uyII. The 
system transfer Innction may include not only the effects 
of opttcSt twt also the dcteclor sampllnig, elcdioiiics, and 
tfisplay pBiUDCtoB. The limitiag system campoocot may 
or may not be the optics. If die optics are the limiting 
£DCtor» d:ic» the criteria of 2/n dcgrodatitm to MTF at 
(be half-cutoff fmptency will resuU u the aomc Rayldgh 
1/4 wove criieiiB sohnion for the depth cf field object 



